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- Bakken Shale Production Canada
1985-2010 Montana
Williston Basin, ND & MT
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FRAC JOB 400" X400° WELL PAD

EHE= T

Well Utilizing 640 Acre Spacing Unit Uses:
25,000 Barrels Fresh Water (1,050,000 Gallons)
1,000,000 Pounds of Sand
 Pressure of 6000-8000 PSI for Fracturing Reservoir Rock




TRUCKS FILLING TRAILER TANKS
4 TRUCK LOADS PER 400 Bbl. TANK




400 BBL. TRAILER TANKS
Connected Inline
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BLENDING FRAC FLUID
Blender (Sand, Water & Gel) Sand Conveyor




FRAC STACK

FRAC FLUID RUMPED
? @ 6000-800




FRACTURES INDUCED in
RESERVOIR ROCK




FRAC FLUID FLOW BACK
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e Misc. Frac Statistics

— Down hole temperature averages 200-250 degrees
Fahrenheit.

— Powdered gel is added to water to make the sand suspend
in the water during the frac.

— Water cannot be reused after frac and the recovered water
is disposed of by trucking to a disposal well. (Usually
Dakota Fm.)

— You can expect an average of 280 to 440 truck loads of
water, sand, and equipment for every frac job.

— Estimated cost of a frac job is between $1.4 and 2.1
million.

EUR 2.1-2.6 Billion Barrels (Bakken)
DRILLING COST $5-7 Million
TOTAL WELL COST $6.5-9 Million
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Vern Whitten Photography




WATER NEEDS FOR BAKKEN

DEVELOPMENT

IN MONTANA




Frécturing Water used (I{é;é-Feet} at Bakken Oil Well Sites in North Dakota.

3,524.23

(Data Source: North Dakota Oil & Gas Division : March 29, 2011)
(Includes all confidential sites : Frac reporting is not required, so not all Frac jobs shown in totals. )

Fracturing Acre-Feet for 2007 . Fracturing Acre-Feet for 2008
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barrels perday | milliongallons | gallonsper | cubicfeetper | cubicmetersper 1cub|cmeter 1000 liters
(bbl/day) perday(Mgd] minute (gpm) | second(cfs) | second (m’/s) 1acre=43,5605quarefeet

23,810 694.4 1.55 0.04381

0.00144 0.0022 0.00006

Water Use Comparisons

gallons barrels
Use (millions) (thousands) acre-feet cubic meters







FACTORS

RATE OF DEVELOPMENT

WATER AVAILABILITY

TECHNOLOGY CHANGES



POTENTIAL SOURCES

SURFACE WATER
MISSOURI RIVER
YELLOWSTONE RIVER

GROUNDWATER
GLACIAL OUTWASH AQUIFERS
ALLUVIAL AQUIFERS



POSSIBLE OPTIONS

1. AVOID COMPETITION WITH
FRESH WATER SUPPLIES
(MAY BE PROMISING)

2. FOX HILLS- HELL CREEK
(BAD IDEA)



WATER QUALITY ISSUES

1. FLOWBACK WATER IS SIMILAR
TO PRODUCED WATER
(EERC 2010)
10X SEAWATER SALINITY

2. LEAKS AND SPILLS NEED TO BE
ELIMINATED

3. CEMENT BOND LOGS



FLOWBACK WATER QUALITY (EERC)
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BASELINE CONDITIONS

ROOSEVELT COUNTY 2011

10 SAMPLES
FULL ANALYSES + TPH

DIESEL RANGE ORGANICS
IN 5 SAMPLES

HIGH LEVELS OF NACL
NOT FOUND






ell Creek Aquifer
Monitoring




Data logger installation
in wells near Sidney, MT
February 2011
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Depth to Water (ft)
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Wheeler, GWIC 38151
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Deth to Water (ft)

Wheeler GWIC 38151 long-term trend
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\ Total Depth 1500 ft
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Depth to Water (ft)
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Trudell, GWIC 38712

Total Depth 1335 ft




Deoth to Water (ft)

Anderson West, GWIC 173659
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Depth to Water (ft)

Anderson East, GWIC 39461
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Depth to Water (ft)

Anderson East Midnight Levels, GWIC 39461
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USGS Terry 1A, GWIC 1846
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Total Depth 860 ft
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USGS Terry 1B, GWIC 132902

Total Depth 565 ft

-0.32 feet/year over 32 years

Depth to Water (ft)




Depth to Water (ft)

Bulington Northern BNTC-801, GWIC 2061
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Depth to Water (ft)
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Thoeny, GWIC 24862

Total Depth 1275 ft
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Possible reasons for aquifer declines:

-Flowing Wells




-New industrial use
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Recharge Area Hydrographs
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MT State Highway Department at Glendive, GWIC 121589
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Total Depth 90 ft
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Depth to Water (ft)

200

Olson Ranch BLM Well north of Jordan, GWIC 34908
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Total Depth 300 ft
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USGS Climate Response Well, GWIC 221274

Total Depth 180 ft
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Total Depth 1449 ft
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Depth to Water (ft)

340

360

380

BLM Shell Oil Co., GWIC 136642

Total depth 1467 ft




Depth to Water (ft)

Thoeny, GWIC 24862

Total Depth 1275 ft
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Total Depth 100 ft
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Agriculture and Municipal

+ Oil Development

Fox Hills/Hell Creek
Water Balance




Questions ?
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